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PROBLEM TO BE SOLVED: To provide a semiconductor substrate 
together with its manufacturing method which provides full gettering ability 
SOLUTION: The semiconductor substrate comprises a region 32, which 
comprises voids functioning as a gettering site at a density of 108 
pieces/cm3 or more. The size of the void is preferably 10 nm-0.5 ^im as 
the diameter of a ball, having the same volume as that of the void. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The cavity which functions as a gettering site is 108. An individual / cm3 Semi-conductor substrate 
characterized by having in a substrate the field included by the above consistency. 

[Claim 2] The magnitude of said cavity is a semi-conductor substrate according to claim 1 characterized by being the 
magnitude which converts into the diameter of sphere which has the same volume as the volume of this cavity, and is 
set to 0.5 micrometers or less by lOnm or more. 

[Claim 3] Said semi-conductor substrate is a single crystal semiconductor substrate, and said cavity is 108. An 
individual / cm3 The field included by the above consistency is a semi-conductor substrate according to claim 1 or 2 
characterized by being prepared in the device production side of this single crystal semiconductor substrate, and the 
field near [ by the side of reverse ] the rear face. 

[Claim 4] Said semi-conductor substrate is a SOI substrate with which the semi-conductor layer was formed through the 
insulator layer on the semi-conductor base substrate, and said cavity is 108. An individual / cm3 The field included by 
the above consistency is a semi-conductor substrate according to claim 1 or 2 characterized by being prepared in the 
field near [ said ] the insulator layer of said semi-conductor base substrate. 

[Claim 5] Said semi-conductor substrate is an epitaxial substrate with which the epitaxial layer was formed on the semi- 
conductor base substrate, and said cavity is 108. An individual / cm3 The field included by the above consistency is a 
semi-conductor substrate according to claim 1 or 2 characterized by being prepared in the field near [ said ] the epitaxial 
layer of said semi-conductor base substrate. 

[Claim 6] 108 Individual / Cm3 By Heat-treating under Non-Oxidizing Atmosphere to 1st Semi-conductor Substrate 
Obtained from CZ Single Crystal Which Has Defect of the Shape of a Cavity of a More Than The cavity which the 
oxide film currently formed in the wall of the defect of the shape of said cavity is vanished, and fiinctions as a gettering 
site is 108. An individual / cm3 The manufacture approach of the semi-conductor substrate characterized by producing 
the 2nd semi-conductor substrate which has in a substrate the field included by the above consistency. 



[Translation done.] 
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* NOTICES * 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the gettering technique of a semi-conductor substrate and its 

manufacture approach, especially a semi-conductor substrate. 

[0002] 

[Description of the Prior Art] Conventionally, as the gettering technique of a metal impurity, it roughly divides and 
there are IG (Intrinsic Gettering) and EG (Extrinsic Gettering). 

[0003] Although IG makes the oxygen sludge in a silicon substrate a gettering site, it has a trouble as follows. 
[0004] First, an oxygen sludge does not fully grow that heat treatment in a device production process and the oxygen 
density in a substrate are inadequate, but there is a problem that reservation of gettering capacity becomes difficult. 
Since it is in the inclination for the LOCOS process which needs an elevated-temperature process 1000 degrees C or 
more with detailed-izing of a device especially to be abolished, the merit of IG that a sludge (gettering site) is easily 
securable with heat treatment in process is fading. 

[0005] Moreover, P/P - In an epitaxial wafer or the low low [Oi] substrate of the oxygen density between grids, there is 
a problem that precipitation of oxygen is controlled and gettering capacity reservation becomes difficult. 
[0006] Furthermore, when the oxygen sludge used as a gettering site is increased, a surface defect-free field is eaten 
away and there is also a problem that a poor component becomes easy to occur. 

[0007] EG establishes a gettering site in an exterior, especially wafer rear-face side. Especially, BSP (Backside Poly- 
Silicon) using the polish recon film as a gettering site is used in many cases. However, there is a trouble as follows also 
about EG. 

[0008] First, since the gettering site is far from a device active region, a metal impurity cannot fully be spread to a 
gettering site, but there is a problem that reservation of gettering capacity becomes difficult. 

[0009] Moreover, in order to secure surface integrity, when elevated-temperature heat treatment of about 1200 degrees 
C is carried out, there is also a problem that polish recon deteriorates and gettering capacity falls. 
[0010] The problem that an impurity is re-emitted on the other hand since the gettering device in which coexistence with 
gettering capacity and reservation of the integrity of a surface field is difficult is reversible as a general trouble conmion 
to other gettering technique is raised. 

[001 1] Furthermore, with a SOI substrate or an epitaxial wafer, there is a characteristic problem about gettering. In a 
SOI substrate, since there is an inclination for migration of a metal to be blocked with an oxide film, with the 
conventional techniques, such as BSP and IG, there is a problem that sufficient gettering capacity is not securable. 
Moreover, P/P - With the epitaxial wafer of a type, in order that a precipitation-of-oxygen nucleus may disappear at a 
hot epitaxial process, it is known that precipitation of oxygen will be controlled and there is a problem that sufficient 
gettering capacity is not securable. 
[0012] 

[Problem(s) to be Solved by the Invention] Thus, it was not necessarily easy to secure gettering capacity sufficient with 
the conventional technique using an oxygen sludge and the polish recon film as a gettering site. 
[0013] This invention is made to the above-mentioned conventional technical problem, and aims at offering the semi- 
conductor substrate which can acquire sufficient gettering capacity, and its manufacture approach. 
[0014] 

[Means for Solving the Problem] For the semi-conductor substrate (especially silicon substrate) concerning this 
invention, the cavity which functions as a gettering site is 108. An individual / cm3 It is characterized by having in a 
substrate the field included by the above consistency. 
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[001 5] As for the magnitude of said ca vijy, it is desirable that it is the magnitude which converts into the diameter of 
sphere which has the same volume as tj^^lume of this cavity, and is set to 0.5 mi^^eters or less by lOnm or more. 
[0016] As for said cavity, it is desirabl^Ht it is the semi-conductor itself from whicWn oxide film etc. is not formed in 
the wall front face, but tfie wall front face constitutes said semi-conductor substrate substantially. Moreover, said 
cavities differ in the hole (size of Inm or less) where the atom between grids was missing, and have the magnitude of 
extent which can incorporate a metal impurity effectively as a gettering site. 

[001 7] Generally, since it is easy to condense a metal impurity to an interface, a metal impurity is condensed to the 
interface of a cavity by preparing a cavity in a substrate. The metal impurity condensed to the interface of a cavity 
becomes silicide etc., and fills the interior of a cavity. Easily, since the metal impurity in which silicide was formed is 
not re-emitted (irreversible reaction), it can carry out gettering of the metal impurity more effectively than the 
conventional reversible gettering technique. 

[001 8] Thus, when using a cavity as a gettering site, in order to incorporate a metal impurity effectively, it is desirable 
to make the consistency of a cavity high and it is made for the consistency of a cavity to become the above-mentioned 
range from a viewpoint which is mentioned later. 

[0019] Moreover, since it becomes inipossible to incorporate a metal impurity effectively even if a cavity is too small so 
that it may mention later even if too conversely large, it is desirable to make magnitude of a cavity into tiie above- 
mentioned range. 

[0020] Moreover, although the thicker one of the thickness of a gettering layer is advantageous when gettering capacity 
is comparable, it is difiScult thickness to prepare a thick gettering layer generally. Even if it does not prepare a thick 
gettering layer by making the consistency of a cavity into the above-mentioned range in this invention, it is possible to 
secure sufficient gettering capacity. 

[0021] The mode with said desirable semi-conductor substrate is as follows. 

[0022] (1) Said semi-conductor substrate is a single crystal semiconductor substrate, and said cavity is 108. An 
individual / cm3 The field included by the above consistency is established in the device production side of this single 
crystal semiconductor substrate, and the field near [ by the side of reverse ] the rear face (field near [ side / device 
production ] a rear face). Since the field by the side of the rear face of a semi-conductor substrate is finally removed by 
grinding in a device production process, it is effective to establish the cavity used as a gettering site in the above- 
mentioned field. 

[0023] (2) Said semi-conductor substrate is a SOI substrate with which the semi-conductor layer was formed through 
the insulator layer on the semi-conductor base substrate, and said cavity is 108. An individual / cm3 The field included 
by the above consistency is established in the field near [ said ] the insulator layer of said semi-conductor base substrate 
(field near [ rear face / of a semi-conductor base substrate ] an insulator layer interface). Thus, it is effective for 
reduction of the metal impurity of a surface field by establishing a cavity in the field near the insulator layer (directly 
under [ insulator layer ]). 

[0024] (3) Said semi-conductor substrate is an epitaxial substrate with which the epitaxial layer was formed on the semi- 
conductor base substrate, and said cavity is 108. An individual / cm3 The field included by the above consistency is 
established in the field near [ said ] the epitaxial layer of said semi-conductor base substrate (field near [ rear face / of a 
semi-conductor base substrate ] an epitaxial layer interface). Thus, it is P/P deficient in for example, gettering capacity 
by establishing a cavity in the field near the epitaxial layer (directly under [ epitaxial layer ]). - Even if it is the epitaxial 
substrate of a type etc., sufficient gettering capacity is securable. 

[0025] The manufacture approach of the semi-conductor substrate (especially silicon substrate) concerning this 
invention 108 An individual / cm3 By heat-treating under a non-oxidizing atmosphere to the 1st semi-conductor 
substrate obtained from CZ single crystal which has the defect of the shape of a cavity of a more than The cavity which 
the oxide film currently formed in the wall of the defect of the shape of said cavity is vanished, and fiinctions as a 
gettering site is 108. An individual / cm3 It is characterized by producing the 2nd semi-conductor substrate which has in 
a substrate the field included by the above consistency. 

[0026] The defect typically called COP is raised as a defect of the shape of said cavity. Although COP (Crystal 
Originated Particle or Crystal Originated Pit) was known at the beginning as a pit-like defect in which it appears in a 
semi-conductor substrate front face, in current, it has become clear that the stereo is the defect of the shape (Grown-in) 
of a cavity by which endocyst was carried out at the time of the crystal growth which exists in the interior of CZ single 
crystal. Henceforth, this Grown-in A cavity-like defect will be called COP. By using COP which exists beforehand, the 
cavity which fimctions as a gettering site by the easy approach can be formed into this CZ single crystal. 
[0027] Although COP of CZ single crystal substrate is tiie cavity-like defect in which the oxide film was formed in the 
wall, tfie corroboration that it is effective as a gettering site is not obtained. However, if hot heat treatment (1000 
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degrees C or more are desirable) is add ed_un der a non-oxidizing atmosphere to CZ single crystal substrate, become the 
cavity where the wall oxide film disapi^Hl in near a surface, and will be suitable ^^corporating a metal impurity. 
Moreover, while the mirror-polishing dlmge in a substrate front face is eased by pel^ming elevated-temperature heat 
treatment, in order that COP on the front face of a substrate may contract or disappear, the integrity of the surface by 
which a device is produced can be secured and coexistence with gettering capacity and reservation of surface integrity 
becomes easy. 

[0028] Moreover, it is a cavity 108 An individual / cm3 A COP consistency is 108 in order to obtain the field included 
by the above consistency. An individual / cm3 Although it is required to be above, the usual CZ single crystal does not 
have such a high COP consistency. By combining impurity addition and high-speed raising which are mentioned later, it 
is 108. An individual / cm3 It is possible to obtain CZ single crystal which has the above COP consistency. It is possible 
to vanish an oxide film in a substrate with such a high COP consistency, more effectively than the usual CZ single 
crystal, since it is the configuration where the size of COP is small and the configuration of COP of surface areas, such 
as tabular, is also large. 
[0029] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained with reference to a 

drawing. 

[0030] (Operation gestalt 1) Drawin g 1 is the annealing wafer (it sets under a hydrogen ambient atmosphere or an argon 
ambient atmosphere to CZ wafer) of silicon. Forcible contamination of the Cu is carried out to what added heat 
treatment of 1 hour at 1200 degrees C. The residual percentage (surface residual percentage) of the contamination metal 
in the wafer front face when adding diffusion heat treatment to the bottom of nitrogen-gas-atmosphere mind at 1000 
more degrees C for 1 hour is plotted to the COP consistency in bulk. Producing the wafer of the high COP consistency 
of an example combining the conditions of nitrogen addition and high-speed raising, the example of a comparison is tiie 
aimealing wafer created by the usual approach. In order to remove the gettering effectiveness by the oxygen sludge, they 
are 1x1018 atom / cm3. The following low [Oi] substrates (a nitrogen addition wafer 8 - 9x1017 atom / cm3) were used. 

[0031] As shown in drawin g 1 , for the surface residual percentage of a contamination metal, a COP consistency is 
1x108 / cm3. If it exceeds, it will begin to decrease rapidly, and they are 5x108 / cm3. Above, it becomes 50% or less. 
In addition, the size of COP had correlation to some extent with the consistency of COP, and was about 20-80nm in 
diameter in the diameter of about 100-200nm, and the nitrogen addition annealing wafer (a COP consistency is 1x108 / 
cm3 sample which is extent) with the usual annealing wafer (a COP consistency is 1x106 / cm3 sample which is extent). 

[0032] Drawin g 2 shows the outline of the gettering device in this operation gestalt. 

[0033] The defective location of a silicon wafer surface was pinpointed, and when TEM observation was carried out, the 
defect as shown in drawing 2 (a) - drawing 2 (c) was observ^. In draw ing 2 (a) and drawin g 2 (b), the cavity 1 1 
remains in the silicon wafer and the contamination metal (metal impurity) 12 is condensing to the interface of silicon 
and a cavity. Moreover, the field where silicide 13 deposited existed in tihe part of the interface of the field which the 
contamination metal condensed, or the part along the crystal face of a contamination metal. Silicide-ization progressed 
further and drawing_2 (c) was a condition, and the interior of a cavity is completely biiried with silicide 13, and it had 
become a configuration near a regular octahedron. 

[0034] Thus, since the metal impurity was incorporated the circumference and inside the cavity, it tums out that surface 
residual percentage fell. That is, the cavity has played the role of a gettering site. 

[0035] although it is, with this operation gestalt, the thing to which the wall oxide film of COP disappeared and which 
restricts a cavity to the thing of the COP origin has not played the role of the cavity used as a gettering site. It is also 
possible to make artificially and to use the crowded cavity. Such a cavity can be formed using the approach indicated by 
JP,1 1.269515,A and JP,1 1-73073,A. 

[0036] In addition, since a metal impurity condenses to an interface, serves as silicide further and the interior of a cavity 

is filled by the device mentioned above, if a cavity is too small, by it, the maximum capacity for incorporating a metal 

impurity will become small. Conversely, if a cavity is too large, since the rate of surface area to maximum capacity will 

become small, the incorporation effectiveness of a metal impurity worsens. Moreover, since the area (volume) of a 

wafer is limited, if a cavity is large, it will stop being able to increase the consistency of a cavity easily. As for the size 

of such a viewpoint to one cavity, it is desirable that it is lOnm - 0.5 micrometers. 

[0037] (Operation gestalt 2) Drawin g 3 shows an example of the formation approach of a cavity. 

[0038] First, as shown in drawing 3. (a), a column-like hole (trench 22) is formed in the rear-face side of the single 

crystal silicon substrate 21. At this time, the depth of a trench 22, the depth of the field in which a cavity is formed of 
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the size of opening, and the size of a cavity are controllable. The consistency of a cavitv is controllable by the 
consistency of a trench. The depth of e^kch 22 is set to 2.5 micrometers, and size^Broening is set to 
0,5micrometerx0.5micrometer. In addiH^ it is also possible to form two or more c^roes in the depth direction with 
one trench by enlarging the aspect ratio of a trench. 

[0039] Next, as shown in drawing 3 (b), it heat-treats under 1 100 degrees C and a hydrogen ambient atmosphere. By the 
migration of silicon, opening of a trench 22 is plugged up by this heat treatment, and a cavity 23 is formed in the rear- 
face side of a silicon substrate 21 of it. 

[0040] With this operation gestalt, the cavity 23 used as a gettering site is formed in a location distant from the device 
barrier layer by the side of the front face of a silicon substrate 21 (device production side side). Therefore, there are an 
advantage of not having a bad influence on a device active region, and a fault that the diffusion length of a 
contamination metal becomes long. 

[0041] However, in order for the metal incorporated in the cavity to serve as silicide and to stabilize by the hot process 
by the gettering device by the deposit to a cavity, there is no re-emission of a contamination. Therefore, even if a 
gettering site is far from a device barrier layer, gettering can be performed effectively. 

[0042] Drawin g 4 shows the example which applied the cavity formed by the approach as shown in dr awin g 3 to the 
SOI substrate. 

[0043] First, a trench 22 is formed in the front-face side (device production side side) of the single crystal silicon 
substrate 21 as shown in drawing_4 (a). The depth of a trench 22 is set to 2 micrometers, and size of opening is set to 
0.4micrometerx0.4micrometer. 

[0044] Next, as shown in drawing 4 (b), it heat-treats under 1 100 degrees C and a hydrogen ambient atmosphere. By the 
migration of silicon, opening of a trench 22 is plugged up by this heat treatment, and a cavity 23 is formed in a field 
with a depth [ by the side of the front face of a silicon substrate 21 ] of about 1 micrometer of it. 
[0045] Next, as shown in drawing 4 (c), an oxide film (silicon oxide) 24 is formed in the interior of the front-face side of 
a silicon substrate 21 by carrying out the ion implantation of the oxygen and heat-treating ftirther from the front-face 
side of a silicon substrate 21 . 

[0046] The SOI substrate of the SIMOX type which has an oxide film 24 on a silicon substrate 21, has silicon layer 21a 
on it, and has a cavity 23 fiirther by the above approach in the front-face side (device production side side) of a silicon 
substrate 21 is producible. 

[0047] Moreover, it is also possible to produce a lamination type SOI substrate by performing the process of drawing 4 
(d) and drawin g 4 (e) after tiie process of drawing 4 (b). As shown in ******** and drawing 4 (d), the single crystal 
silicon substrate 25 in which the oxide film 26 was formed is prepared, and as fiirther shown in drawing 4 (e), a silicon 
substrate 25 is stuck with the substrate obtained at the process of drawing 4 (a) and drawing 4 (b). 
[0048] The SOI substrate of the lamination type which has an oxide film 26 on a silicon substrate 21, has siUcon layer 
25a on it, and has a cavity 23 fiirther by the above approach in the front-face side (device production side side) of a 
silicon substrate 21 is producible. 

[0049] Drawin g 5 shows the example which appUed the cavity formed by the approach as shown in drawing 3 to the 
epitaxial substrate. 

[0050] First, a trench 22 is formed in the front-face side (device production side side) of the single crystal silicon 
substrate 21 as shown in drawing 5 (a). The depth of a trench 22 is set to 2 micrometers, and size of opening is set to 
0.4micrometerx0.4micrometer. 

[0051] Next, as shown in drawing 5 (b), it heat-treats imder 1 100 degrees C and a hydrogen ambient atmosphere. By the 
migration of silicon, opening of a trench 22 is plugged up by this heat treatment, and a cavity 23 is formed in a field 
with a depth [ by the side of the front face of a silicon substrate 21 ] of about 1 micrometer of it. 
[0052] Next, as shown in drawing_5 (c), on a sihcon substrate 21, epitaxial growth of the single crystal silicon is carried 
out, and an epitaxial layer 27 is formed. 

[0053] The epitaxial substrate which has an epitaxial layer 27 on a silicon substrate 21, and has a cavity 23 fiirther by 
the above approach in the front-face side (device production side side) of a silicon substrate 21 is producible. 
[0054] (Operation gestah 3) This operation gestalt is related with other examples of the formation approach of a cavity. 
[0055] First, CZ substrate [ that a COP consistency is high (Ixl08/cm3 above) ] (single crystal silicon substrate) is 
prepared. CZ substrate of this high COP consistency is producible by adding nitrogen at the time of single crystal 
raising. Moreover, it is also possible to control COP to high density combining improvement in the speed of a raising 
rate. Then, they are 1x108 / cm3 to CZ substrate with such a high COP consistency by performing heat treatment for 10 
minutes or more at 1000 degrees C - 1300 degrees C to the bottoms of a non-oxidizing atmosphere (for example, 
hydrogen, an argon ambient atmosphere, etc.). The silicon substrate which has the cavity of the above consistency can 
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be obtained. _ _ 

[0056] Dravdng 6 shows the principle l^Bh forms the single crystal siUcon substra^^iich has a cavity which was 
mentioned above. 

[0057] First, it is required for the interior of a substrate to contain COP more than a predetermined consistency in the 
phase of CZ substrate. 

[0058] If heat treatment is added under a non-oxidizing atmosphere to such a CZ substrate, since the oxygen density of a 
substrate surface will fall, the wall oxide film of COP disappears (phase 1), further, soon, it reduces and COP itself 
disappears (phase 2). 

[0059] Although COP disappears and serves as the defect-free field 3 1 in the field of the maximum surface of a 
substrate in order that such a phenomenon may occur from a substrate front-face side, in a little deep field, although a 
phase 1 occurs, it does not reach even a phase 2, but remains as a field 32 of COP where the wall oxide film 
disappeared. It is Si02 while heat treatment progresses, although it is the field 33 of COP where the wall oxide fihn 
remained in still deeper bulk. It turns and becomes an oxygen sludge (BMDrBulk Micro Defects). 
[0060] The point of this operation gestalt is a field 32, and COP Avhich lost the wall oxide film contained to a field 32 
demonstrates gettering capacity as a cavity. 

[0061] Generally in Czochralski crystal, a COP consistency shows the size and inverse relationship. When a COP 
consistency is increased by the technique of nitrogen addition, each COP becomes a configuration like tabular where 
stability is comparatively low, small. It is known that such COP will tend to disappear by elevated-temperature heat 
treatment under a non-oxidizing atmosphere, and the densification of a cavity and reservation of substrate surface 
integrity are well compatible. 

[0062] Drawing_7 is drawing to show the above-mentioned matter, and shows the relation between the depth from a 
substrate front face, and a COP consistency about each sample (an example, the example 1 of a comparison, example 2 
of a comparison). In each sample, it is [Oi] bulk=13xl017-/cm3. The thing was used. About the sample (a COP 
consistency is 1x106 hydrogen annealing wafer which is extent) according to a conventional method in the example 1 of 
a comparison, a COP consistency is 1x108 / cm3 in the example 2 of a comparison. The low sample (a COP consistency 
is 1x107 / cm3 nitrogen addition + hydrogen annealing wafer which is extent) was used. As shown in this drawing, with 
the sample of this example, the COP consistency is reduced to the deep field. 

[0063] Moreover, it depends also on the oxygen density profile of a substrate for the depth in which a field 32 is formed. 

[0064] Drawing 8 shows correlation with the oxygen density profile after hydrogen heat treatment (calculated value), 
and a surface COP consistency. The depth of a surface COP consistency is obtained from the evaluation result in a 
polish wafer. For the field where COP disappears from the evaluation result of LSTD (it corresponds to Laser Scattering 
Tomography Defects, the laser scatterer in surface -3micrometer, and COP that remains on the surface here), an oxygen 
density is 4x1017 atom / cm3 about. It turns out that they are the following fields. Therefore, an oxygen density is 
4x1017 atom / cm3. The following fields are equivalent to the field 3 1 shown in drawin g 6 . Moreover, it is a field 10 
micrometers or more (it changes with oxygen densities) about from a surface that an oxygen sludge (BMD) is formed, 
and it is 6x1017 atom / cm3 about at an oxygen density. It is equivalent to the above field. Therefore, an oxygen density 
is 6x1017 atom / cm3. The above field is equivalent to the field 33 shown in drawin g 6 . 
[0065] For the depth and width of face in which the field 32 which drawing 9 made the prediction approach of a 
location that the field 32 shown in drawing 6 was formed correspond to drawin g 8 , showed it, and was shown in 
drawing^ is formed, an oxygen density profile is 4x1017 to 6x101 7-/cm3 about. It is predicted as the becoming field. 
[0066] In addition, as well as the 2nd operation gestalt when the substrate which formed the cavity by the approach of 
this operation gestalt is used, it is possible to produce a SOI substrate (a SIMOX type SOI substrate, lamination type 
SOI substrate) and an epitaxial substrate. 

[0067] Next, the gettering capacity in each operation gestalt is shown. 

[0068] Drawing 10 shows the high-impurity-concentration profile of each surface about the SOI substrate (example) of 
the SIMOX type obtained by the approach shown with the operation gestalt 2, and the SOI substrate (example of a 
comparison) of the SIMOX type obtained by the conventional method. Drawing 10 (a), drawing 10 (b), and drawing 10 
(c) show the concentration profile of Fe, Cu, and nickel, respectively. 

[0069] Drawing.il shows Ihe high-impurity-concentration profile of each surface about the SOI substrate (example) of 
the lamination type obtained by the approach shown with the operation gestalt 2, and the SOI substrate (example of a 
comparison) of the lamination type obtained by the conventipnal method. Drawing 1 1 (a), drawing 1 1 (b), and drawing 
11 (c) show the concentration profile of Fe, Cu, and nickel, respectively. 

[0070] With the SIMOX substrate (wafer), the metal contamination at the time of an ion implantation was not avoided, 
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but although surface metal high impurity concentration was high, with the substrate ofan example, surface 
concentration decreases, the concentra^^^f the gettering layer formed near a deptj^Hl micrometer is higher than the 
substrate of the example of a comparisOT^nd improvement in gettering capacity wSEually accepted. 
[0071] Although there are few amounts of contamination than a SIMOX substrate, high-concentration metal 
contamination is seen also with a lamination type SOI substrate. Also in this case, reduction of surface concentration of 
contamination and the increment in the concentration of the metal impurity near a gettering layer (that is, the gettering 
layer is working effectively) were accepted with the substrate of an example. 

[0072] Drawin g 12 - drawing 14 show the gettering effectiveness searched for from the ratio of siirface high impurity 
concentration and the average concentration of the impurity in bulk. Gettering effectiveness is gettering effectiveness = 
[1 -(surface high-impurity-concentration / average concentration)] xlOO (%). 

It comes out and defines. If surface high impurity concentration is high, gettering effectiveness becomes a negative 
value and the impurity will segregate it on the surface. 

[0073] Draw ing 12 shows the gettering effectiveness after performmg compulsive contamination and performing 
diffusion heat treatment to the bottom of nitrogen-gas-atmosphere mind at 1000 more degrees C about substrates other 
than a SOI substrate for 1 hoxir. The single crystal substrate obtained by the approach which showed the single crystal 
substrate obtained by the approach which showed Example A with the operation gestalt 2, the epitaxial substrate 
obtained by the approach which showed Example B with the operation gestalt 2, and Example C with the operation 
gestalt 3, and Example D are the epitaxial substrates obtained by the approach shown with the operation gestalt 3. As an 
example of a comparison, the epitaxial substrate obtained by the usual conventional approach was used. As shown in 
this drawing, compared with the example of a comparison, a surface impurity can be sharply reduced in the example. 
[0074] Drawing 13 and drawing 14 search for gettering effectiveness from the metal high impurity concentration in a 
surface and bulk about a SOI substrate. 

[0075] Drawing 13 shows a SIMOX type SOI substrate. The SIMOX substrate obtained by the approach which showed 
Example A with the operation gestalt 2, and Example B are the SIMOX substrates obtained by the approach shown with 
the operation gestalt 3, and the SIMOX substrate obtained by the usual conventional approach as an example of a 
comparison was used. 

[0076] D raw ing 14 shows a lamination type SOI substrate. The lamination substrate obtained by the approach which 
showed Example A with the operation gestalt 2, and Example B are the lamination substrates obtained by the approach 
shown with the operation gestalt 3, and the lamination substrate obtained by the usual conventional approach as an 
example of a comparison was used. 

[0077] In the SOI substrate, although it is difficult to remove a surface impurity completely since the inclination for an 
impurity to remain is strong on a surface from the first, the degree of the segregation to a surface is decreasing 
compared with the example of a comparison. 

[0078] As mentioned above, although the operation gestalt of this invention was explained, it is possible for this 
invention to deform within limits which are not limited to the above-mentioned operation gestalt and do not deviate 
from the meaning variously, and to carry out. Furthermore, invention of various phases is included in the above- 
mentioned operation gestalt, and various invention may be extracted by combining the indicated requirements for a 
configuration suitably. For example, even if some requirements for a configuration are deleted from the indicated 
requirements for a configuration, if predetermined effectiveness is acquired, it may be extracted as invention. 
[0079] 

[Effect of the Invention] According to this invention, it is a cavity 108 An individual / cm3 By preparing in a substrate 
the field included by the above consistency, it becomes possible to raise gettering capacity. 
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(tklj?^) i5coc:>r. ^n^ticD^jftD^iW^iri 40 
^y'uy r )\y^^Lfci>(DXh^. mi i (a) . H 

11(b) jSi^m 11 ( c ) ^ti-enr e . c u . 

RZ>'N i cDr^:7'nr7T^;^^^LTl^^o 
[0 0 7 0] S IMOXSS ('i7X/^) Ti;!:. >f:*->a 

[ 0 0 7 1 ] S I MOXSSJ: D «r^S«tiii>:^l^3G^ 50 
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[0 07 2 ] mi 2-01 4^^. aM<D:^M^S@[<b>'>' 

y ^ 'J > mm= [ i - mm:^^miMm,y^m^ 

S) ] X 1 00 (%> 

[oo73]0i2«. SOI mm2Ji9\-(Dmwc-Di^ 
^mm^mb. $e»ici ooo-c-ciBtfei 

Si 2 T'^ b /c:;?aic J: T f# 6 ti/cx 3? =^ 1- 

jyfeP]c«iei^ff^,®,3Tr^u/c:&ffi^J:-^rt56n 
/c^^B^ss. mm D 55^0^ 3 L fcism^c ^ 

[ 0 0 7 4 ] H 1 3 S:?>^0 1 4 . SOI a^CC-Oli 
[ 0 07 5 ] 0 1 353:. S I MOX^^:7-cDSO ISS 

btc.yT&f^j:r>xn^tifcs iMoxm^. mmmB\:x 

mi^mmsx^.ofcyjm^c^^xnhtitcs imoxs 

n/cS I MOX»ffi^^l^/Co 
[0 07 6] 0145i. 9kK)^^^^ ^y^<DSO 

mmmm 3 -e^ otcy^mtfC j: ^ r f# 6 n/ca* 0 ^ to-tf-s 

[0 07 7] SOI mUX\t. i i^JSJc:^*i&g5j5)5 
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i b- ^ ^ jvsm,(orm:^mo:>—m^^ l tm » 

[07] ^B^com 3 (DmtmB.(tc% o , mu^mi^^ 6 
©ai $ t c o p i ^ u /c ia„ 

^ <b ^^iis i cDH^^ ^m^e^tc ^ b tern. 

[010] :*:^BSC0||J©i^«Jic«^-2>S IMOX^^y'CD^ 
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[011] *^?^<D^0g|Oci5^^te»3^:b1±^-r:7'O 
SO I««o:7^iKiKiSS:7-n-7T^>'U^. tbTjiCftli^thb 

[012] 2p:^BjcDiiSfi?f^^icj^-s s o I mma^<Dm 

[013] :^^m(ommmm^cm:6s imox^^^'cd 
s o I mm.(D¥ y^vy ^^m^ . oMmtmit Lxf^ 

Ufc0o 

[014] :^^m(ommnm^c%:hf&Ki^t>^^ ^ y'(o 
s o I sscD^ ^ mmmtMtbLxm 

b/C0o 

[W^ 

1 1 

1 2 

1 3 

2 1 
2 1 
2 2 
2 3 
2 4 
2 5 
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3 1 
3 2 
3 3 
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0^ 1 1.5 
9$ {Um> 




OJS 1 1.5 
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